Improving vehicle transmission efficiency and reducing vehicle fuel consumption is currently one of the main objectives in the automotive field. Reducing gear churning power losses has significant influence on the decreasing vehicle fuel consumption. Based on the two phase flow theory, a 2D two-phase model of the simplified hypoid gear is established to predict the churning losses in different conditions, the VOF method is introduced to track the volume fraction of the free surface, a standard k-ε model is also built to calculate complex turbulence. The oil distributions at the different rotational speed, the different immersion depth and the different viscosity as well as the churning losses of the hypoid gear are obtained and discussed in detail. In general, the churning power losses increase with the increase of the speed, the immersion depth and the viscosity, while the rotational speed shows the greatest influence on the churning losses. It is hoped that this investigation will be helpful in automotive industry applications.
Introduction
The internal transmission efficiency of the rear axle of a car directly affects the oil consumption of the whole vehicle. The gears and bearings, as the main components of the rear axle, play a key impact on the transmission efficiency of the rear axle. It is critical to figure out the mechanism of its efficiency losses to reduce the oil consumption of the whole vehicle.
In the last years, the churning losses of the gears have been the subject of extensive numerical and experimental investigations. Concli & Gorla computationally and experimentally analyzed the churning power losses in an industrial Journal of Applied Mathematics and Physics planetary speed reducers and point out that the VOF method could provide more information on the physical phenomena than any experimental measurement [1] . And then they developed a new approach to predict churning power losses of ordinary gears [2] . Kodela et al. proposed a CFD method to estimate the splash loss for the complete manual transmission gear box at the different operating conditions such as the rotational speed, the temperature and the oil level [3] . Liu et al. numerically investigated the oil distribution and the churning loss of a single-stage gearbox by the finite volume CFD method, and showed that the turbulence of oil increased with the increase of the rotational speed [4] .
Wang et al. numerically investigated the churning losses of the spur gear, but found out that there are big differences between simulation values and theoretical calculation [5] . Concli & Gorla further pointed out that the power losses were not directly decreased with the increase of the temperature, and an optimal temperature existed [6] .
The above literatures mostly pay attention to investigating the churning losses of the spur gear. However, less investigation on the churning losses of the hypoid gears is discussed. In the present study, the oil distribution of the hypoid gear at the different conditions and the influencing factors of the churning losses such as the speed, the immersion depth and the viscosity are obtained and discussed. It is hoped that this investigation will be helpful for the deepening of our understanding on the oil consumption of the whole vehicle.
Governing Equations and Numerical Method
The numerical method stated in this paper depends on the solution of two governing equations that mathematically represent the conservation laws of mass and momentum [7] :
where i u is velocity in the i x direction. Where p is pressure, ρ is mixture density, η is the mixture viscosity, i u is velocity in the i y direction, i f is acceleration vector in i x direction. The behavior of a transient incompressible flow is described by these basic equations.
The presence of more than one phase implies the need of additional equations. VOF method has been widely used to track the interface of two phases.
Thus, a transportation equation for the volume fraction α is introduced [8]:
( )
In the two-phase flow system, the mixture properties of density and viscosity can be given by the volume weighted average of two liquids as: 
where,
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Geometrical Model and Boundary Conditions
In order to reduce the number of cells and save time, it's necessary to simplify the geometrical model of the hypoid gear ( Figure 1 ). The whole model has been discretized with tetrahedral mesh (Figure 2 ). During the simulation, the meshes of the hypoid gear rotates in the closed domain at the predefined rotational speed. Table 1 shows the combinations of specific parameters for each simulation.
These are respectively simulated at 100 rpm, 400 rpm and 700 rpm, and h represents height of a tooth. Table 2 shows the kinematic viscosity corresponding to each oil type. These are all GL-5 type at 40˚C. rpm. Therefore, the rotational speed has the greatest influence on the churning loss. Figure 5 shows contours of volume fraction for the oil distribution at the different rotational speed. The gear churns more oil with high speed, which results in easily generating larger churning torque. This explains the influence of rotational speed on power loss is maximum.
Results and Discussion

Conclusions
Based on two-phase flow, the VOF method and the standard k-ε model, a new simplified 2D model is established. The oil distributions and the churning power losses of the hypoid gear at the different working conditions with the rotational speed of 100 rpm, 400 rpm and 700 rmp at the immersion depth from 0.5 h to 2 h were numerically investigated.
In general, the churning power losses increased with the increase of the rotational speed and the immersion depth as well as the viscosity, which the rotational speed has the greatest influence on the churning loss. Minimum effect on the power loss is oil type named GL-5 75W80. The difference reaches tens of watts between 100 rpm and 400 rpm but runs up to hundreds of watts at the range of 400 rpm to 700 rpm. The turbulence of oil increases with the rotational speed, which causes higher oil power loss. However, the lower speed and the viscosity as well as the immersion depth have influence on gear lubrication and meshing. Thus, the meshing loss of gear transmission system and the impact of lubrication on power loss will be investigated in further studies.
